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[Title of the Invention] Chemical sensor, and production method for chemical sensor 
[Summary] 

[Problem] To provide a novel chemical sensor having a small size, a light weight and a high 
sensitivity. 

[Means for resolution] A polymer-silica composite film is produced by preparing a solution 
mixture of a block copolymer including 3 blocks of a polyethylene oxide-polypropylene 
oxide-polyethylene oxide, and a tetraethoxy silane, and coating the solution mixture on a 
quarts oscillator by a spin casting method. Then, a nano porous thin film having nm 
order pores provided through to the surface Is produced by irradiating a vacuum 
ultraviolet ray to the composite film for photo decomposition and elimination of the 
organic substances of the above-mentioned composite film so as to obtain a targeted 
chemical sensor. 

[Claims] 

[Claim 1] A chemical sensor characterized in comprising a quartz oscillator and a nano 
porous thin film on the quartz oscillator. 

[Claim 2] The chemical sensor according to claim 1, characterized In that the 
above-mentioned nano porous thin film is produced by producing an organic-Inorganic 
composite film by forming a film on the above-mentioned quartz oscillator with a solution 
mixture of an amphiphilic organic molecular and an oxide precursor, and irradiating a 
vacuum ultraviolet ray to the organic-inorganic composite film and decomposing and 
eliminating only an organic substance from the above-mentioned organic-inorganic 
composite film. 

[Claim 3] The chemical sensor according to claim 2, characterized in that the 
above-mentioned organic-inorganic composite film is provided by surrounding liquid 
crystal micelles formed by regularly arranging rod like micelles with the hydrophilic 
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portion of the above-mentioned amphiphilic organic molecule arranged outside the 
hydrophobic portion of the above-mentioned amphiphilic organic molecule with the 
above-mentioned oxide precursor as a matrix* 

[Claim 4] The chemical sensor according to any one of claims 1 to 3, characterized in that 
the above-mentioned amphiphilic organic molecule is a block copolsrmer of a hydrophilic 
polymer and a hydrophobic polymer. 

[Claim 5] The chemical sensor according to any one of claims 2 to 4, characterized in that 
the irradiation of the above-mentioned vacuum ultraviolet ray is carried out at a 
temperature of 1(WC or lower. 

[Claim 6] The chemical sensor according to any one of claims 1 to 5, characterized in that 
the above-mentioned nano porous thin film Is made of a silica, and the above-mentioned 
chemical sensor is a humidity sensor. 

[Claim 7] The chemical sensor according to claim 6, characterized in that the 
above-mentioned block copolymer is made of an olefin oxide copolymer, and the 
above-mentioned oxide precursor Is made of an alkoxy sllane. 

[Claim 8] The chemical sensor according to any one of claims 1 to 7, characterized in that 
the pore inner surface of the above-mentioned nano porous thin film is chemically 
modified. 

[Claim 9] The chemical sensor according to claim 8, characterized In that the 
above-mentioned nano porous thin film is made of a silica, and the above-mentioned 
chemical modification is executed by applying the silane coupling process to the inner 
surface of the above-mentioned nano porous thin film. 

[Claim 10] The chemical sensor according to claim 9, characterized in that the 
above-mentioned pore inner surface of the above-mentioned nano porous thin film made 
of a silica by the chemical modification is covered with an amino group so as to function as 
a sensor for a NOx gas or a SOx gas. 
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[Detailed description of the invention] 
[0001] 

[Technical Field] The present invention relates to a chemical sensor, and more specifically 
it relates to a chemical sensor to be used preferably as a humidity sensor and a gas sensor. 
[0002] 

[Prior Art] The environmental pollution due to the various environmental 

hormones including a dioxin and the sick house syndromes due to the chemical substance 
radiation such as a formaldehyde from the buUding materials are now serious social 
problems. In order to radically solve the problems, it is necessary to specify the pollution 
source and take the countermeasure therefor. For that, investigation of the real state 
such as the environmental pollution generation state is indispensable. 
[0003] However, the chemical substances to be the subject exert an adverse efiTect to the 
living bodies even by a minute amount. In order to investigate the exposure state, a 
highly sensitive chemical measurement technique of a ppm to ppt level is required. In the 
present situation, use of a bulky and expensive apparatus and lengthy measurement time 
including the pre process of the samples are bottlenecks. Therefore, development of a 
chemical sensor having a small size, a light weight and a high sensitivity would 
remarkably contribute to the real state investigation of the pollution by enabling the real 
time measurement of the chemical substances on the spot whereat the environment is 
polluted actually. 

[0004] In view of the above-mentioned circumstances, an object of the present invention 
is to provide a novel chemical sensor having a small size, a light weight and a high 
sensitivity. 
[0005] 

[Means for solving the problems] In order to achieve the above-mentioned object, the 
present invention relates to a chemical sensor characterized in comprising a quartz 
oscillator and a nano porous thin film on the quartz oscillator. 
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[0006] At the time of developing the above-mentioned chemical sensor, the present 
inventors have paid attention to a quartz oscillator utilized in an electronic circuit of a 
clock, a computer, a communication appliance, or the like. Since the quartz oscillator has 
the oscillation frequency reduction according to the adhered mass if a substance is 
adhered on its surface, it can be used preferably as a means for measuring the mass 
change of an extremely minute amount of a nano gram level. 

[0007] Moreover, since the nano porous thin film has a large number of pores of a nm 
order provided through to its surface, it has an extremely large speciflc surface area. 
Therefore, by providing the above-mentioned nano porous thin film made of a material 
showing the sensitivity only to a predetemuned substance to be detected, the adsorption 
amount to the above-mentioned substance can be increased so that even in the case the 
above-mentioned substance is present only by an extremely minute amount, the 
above-mentioned substance can be detected by a sufficient sensitivity. Therefore, by the 
present invention, a chemical sensor having a small size, a light weight and a high 
sensitivity can be provided. 
[0008] 

[Embodiments of the invention] Hereinafter, the present invention will be explained in 
detail with reference to the embodiments of the invention. According to the chemical 
sensor of the present invention, a nano porous thin film should be provided on a quartz 
oscillator. The nano porous thin film can be produced for example as follows. 
[0009] FIGL 1 is a schematic diagram for explaining the production steps of the 
above-mentioned nano porous thin film. First, as shown in FIG 1(a), a block copolymer 
of a hydrophilic polymer and a hydrophobic polymer, and an oxide precursor are 
dissolved in for example an acidic solution so as to produce a solution mixture of the block 
copolymer and the oxide precursor. Then, a film of the solution mixture is formed on the 
quartz oscillator by a spin casting method, or the like. Instead of the above-mentioned 
block copolymer, an amphiphilic organic molecule such as a cetyl trimethyl ammonium 
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salt, and a polyoxy ethylene 20 cetyl ether can be used. 

[0010] Then, as shown in FIG 1(b), rod like micelles having a several nm diameter are 
formed with the above-mentioned hydrophilic polymers arranged outside the 
above-mentioned hydrophobic polymers comprising the above-mentioned block copolymer. 
Furthermore, an organic-inorganic composite film is formed with liquid micelles formed 
by arranging the same regularly surrounded by the above-mentioned oxide precursor as a 
matrix. 

[0011] Subsequently, a vacuum ultraviolet ray is irradiated to the organic-inorganic 
composite film. Then, only the organic substance comprising the above-mentioned 
organic-inorganic composite film is decomposed and eliminated so that a nano porous thin 
film having pores of a nm order provided through to the surface can be obtained. As the 
light source for the above-mentioned vacuum ultraviolet ray, for example an excimer lamp, 
or the like can be used. Then, according to the thickness, the material composition, or 
the like of the above-mentioned organic-inorganic composition film, the strength is set 
optionally. 

[0012] Although the thickness of the above-mentioned organic-inorganic composition 
film is not particularly limited, it is formed preferably by a 10 nm to 1,000 nm thickness. 
Thereby, the pores of a nm order can be formed easily with a high density. 
[0013] Moreover, the organic substance in the above-mentioned organic-inorganic 
composite film can be eliminated by combustion by applying a heat treatment of 300°C or 
higher in the atmosphere instead of irradiating the vacuum ultraviolet ray to the 
above-mentioned organic-inorganic composite film. However, by such a high 
temperature treatment, the quartz oscillator supporting the above-mentioned 
organic-inorganic composite film may be damaged. Furthermore, due to enlargement of 
the volume shrinkage of the above-mentioned organic-inorganic composite film, the nano 
porous thin film finally obtained may be destroyed or peeled off by the thermal stress 
derived from the above-mentioned volume shrinkage. 
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[0014] On the other hand, the above-mentioned vacuum ultraviolet ray irradiation can 
be executed at a room temperature without heating the above-mentioned 
organic-inorganic composite film. Therefore, since no thermal stress is applied to the 
nano porous thin film to be obtained, the nano porous thin film can be obtained easily 
without generating the destruction or peel ofF as mentioned above or damaging the quartz 
oscillator. However, the above-mentioned vacuum ultraviolet ray irradiation can be 
executed also in an appropriate heated atmosphere as long as destruction or peel off 
derived from the thermal stress of the nano porous thin film as mentioned above is not 
generated and the thermal damage to the quartz oscillator is not generated* For example, 
it can be carried out at a temperature of for example lOO^C or lower, preferably 50^C or 
lower. 

[0015] That is, even in the case the environmental temperature is changed by the 
external factors, or the like, the nano porous thin film can be obtained easily by 
decomposing and eliminating the above-mentioned organic substance comprising the 
above-mentioned organic-inorganic composite film by the vacuum ultraviolet ray 
irradiation without generating the destruction, the peel off or the like derived from the 
thermal stress. 

[0016] As mentioned above, the above-mentioned nano porous thin film should comprise 
a material sensitive only to the substance according to the kind of the substance to be 
detected. For example, in the case of detecting the steam amount, that is, in the case the 
chemical sensor of the present invention is sued as a humidity sensor, the above-mentioned 
nano porous thin film is made of for example a silica. Such a nano porous thin film 
formed of silica can be formed easUy by providing for example an olefin oxide copolymer 
such as a polyethylene oxide-polypropylene oxide copolymer as the above-mentioned block 
copolymer, and an alkoxy silane such as a tetraethoxy silane as the above-mentioned oxide 
precursor according to the production method using the vacuum ultraviolet ray as 
mentioned above. 
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[0017] Moreover, instead of providing the nano porous thin fikn itself with the material 
sensitive to a predetermined substance, the chemical modification can be carried out 
inside the pores of the above-mentioned nano porous thin film so as to adhere a functional 
group sensitive to the above-mentioned predetermined substance in the above-mentioned 
pores for covering. 

[0018] The nano porous thin film can be formed only by the easy steps of spin casting of 
a solution mixture of a block copolymer of a hydrophilic polymer and a hydrophobic 
pol3TOer, and an oxide precursor, and the vacuum ultraviolet ray irradiation. Due to the 
easiness of the steps, the above-mentioned block copolymer has the conditions of 
comprising a hydrophilic polymer and a hydrophobic polymer, or the like posed so that 
the kind thereof is limited. As a result, the kind of the material comprising the nano 
porous thin film is limited as well so that the kind of the substance to be detected is limited 
as well. 

[0019] On the other hand, according to the chemical sensor of the present invention, the 
actual substance detection is carried out by chenucally reacting and adsorbing the 
above-mentioned substance with the inner surface of the pores comprising the nano 
porous thin film. Therefore, inherently, the kind of the material comprising the inner 
surface of the above-mentioned pores is at issue. Therefore, as mentioned above, by 
chemically modifying the inside of the pores of the above-mentioned nano porous thin film, 
the range of the selection of the material comprising the inner surface of the 
above-mentioned pores can be enlarged. As a result, a wide range of the substances can 
be detected. 

[0020] In particular, in the case the above-mentioned nano porous thin film is made of a 
silica, the chemical modification is carried out by applying the sUane coupling process to 
the inner surface of the above-mentioned nano porous thin film. In this case, the sUane 
coupling agent to be used is easily reacted with a hydroxyl group in the inner surface of 
the pores of the above-mentioned nano porous thin film. As a result, the functional group 
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sensitive to the substance to be detected can be adhered onto the inner surface of the 
above-mentioned pores. 

[0021] In the case a nano porous thin fihn made of a silica is produced by a high 
temperature process of 300^C or higher from the organic-inorganic composite film, the 
hydroxyl group is desorbed from the above-mentioned nano porous thin film so that it can 
hardly remain on the inner surface of the pores. Therefore, in this case, as mentioned 
above, it is preferable to produce a nano porous thin film by irradiating a vacuum 
ultraviolet ray at a temperature of lOO^C or lower, preferably 50°C or lower without 
desorption of the hydroxyl group. 

[0022] In particular, an amino group is easily reacted with a NOx gas, a SOx gas, or the 
like. Therefore, by covering the inner surface of the pores of the nano porous thin film 
made of a silica with an amino group by the silane coupling process, the amino group and 
the NOx gas or the SOx gas can be reacted and adsorbed on the inner surface of the 
above-mentioned pores so that a gas sensor for the pollutant gas can be provided. 
[0023] 

[Example] Hereinafter, the present invention will be explained with reference to a 

specific example. 

[0024] (Production of a chemical sensor) First, a solution mixture was prepared by 
mixing a block copolymer (molecular weight 5,800) comprising 3 blocks of a polyethylene 
oxide-polypropylene oxide-polyethylene oxide, a tetraethoxy silane, a hydrochloric acid, 
and water by a 0.017:1:6:167 molar ratio. Subsequently, a polymer-silica composite film 
was formed by a 0.1 ^m thickness on a quartz oscillator by a spin casting method with the 
solution mixture. 

[0025] The polymer-silica composite film comprises rod like micelles formed with 
polyethylene oxides as the hydrophilic polymers arranged regularly outside polypropylene 
oxides as the hydrophobic polymers comprising the above-mentioned block copolymer, 
and a silica surrounding the same as a matrix. 
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[0026] Subsequently, with the above-mentioned polymer-silica composite film placed in 
a vacuum container, the inside of the container was exhausted to 10 Pa. Then, a vacuum 
ultraviolet ray of a 10 mW/cm^ intensity and a 172 nm wavelength was introduced from an 
excimer lamp into the above-mentioned vacuum container through an ultraviolet ray 
introducing window provided in the above-mentioned vacuum container so as to be 
directed to the above-mentioned polymer-silica composite film for 3 hours. As a result, 
the organic substances in the above-mentioned polymer-silica composite film were 
decomposed photo chemically so as to obtain a nano porous thin film having nm order 
pores and produce a chenucal sensor. 

[0027] (Evaluation of the chemical sensor) FIGL 2 is a graph showing the mass change 
response in the case of using the chemical sensor obtained as mentioned above as a 
humidity sensor. FIG 2 shows the case with the environmental humidity changed from 
12% ? 9% ? 12%. In the figure, (a) shows the mass change response of the chemical 
sensor obtained in the above-mentioned example. In the figure, (b), (c) and (d) show the 
mass change responses of a chemical sensor with a polymer-silica composite film before 
the vacuum ultraviolet ray irradiation formed on a quartz osciUator, a chemical sensor 
obtained by forming a sputtering silica film on a quartz oscillator and a chemical sensor 
comprising only a quartz oscillator, respectively for reference. 

[0028] As it is apparent from FIG 2, the chemical sensor obtained by the example 
responds to the environmental humidity change at a high speed with a high sensitivity. 
On the other hand, according to the chemical sensor having a polymer-silica composite 
film and the chemical sensor having a sputtering silica film, the response speed and the 
sensitivity are both deteriorated. Furthermore, it is learned that the quartz oscillator by 
itself does not function as a sensor. 

[0029] FIG 3 is a graph for comparison of the responses of the chemical sensor obtained 
in the example and a commercially available hygrometer to the environmental humidity. 
In FIG 3, the response of the chemical sensor obtained in the example was measured by 
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the frequency change of the quartz oscillator, and the response of the commercially 
available hygrometer was measured by directly measuring the humidity. As it is 
apparent from FIG 3, the chemical sensor obtained in this example has a sufBciently high 
response compared with the commercially available hygrometer, and it is learned that it 
shows a response higher than that of the commercially available hygrometer in the change 
from the high humidity to the lower humidity shown by A in the figure. 
[0030] The present invention has been explained so far based on the embodiments of the 
invention with reference to the specific examples, however, the present invention is not 
limited to the above-mentioned contents, and any modification or change can be executed 
without departing from the scope of the present invention. 
[0031] 

[Effects of the Invention] As heretofore explained, according to the present invention, a 
novel chemical sensor having a small size, a light weight and a high sensitivity can be 
provided. 

[Brief Description of the Drawings] 

[FIGL 1] A schematic diagram for explaining the production steps of a nano porous thin 
film comprising a chemical sensor of the present invention. 

[FIG 2] A graph showing the mass change response in the case of using a chemical sensor 
of the present invention as a humidity sensor. 

[FIG 3] A graph for comparison of the responses to the environmental humidity change of 
the above-mentioned chemical sensor and a commercially available hygrometer in the case 
of using the chemical sensor of the present invention as a humidity sensor. 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



-a FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ' 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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